isms whereby the energy arising from the breakdown of foodstuffs is used for chemical and physical work in living systems.
In the study of biochemical dynamics, the application of isotopic compounds has provided an experimental technique by means of which there has been gathered a rich harvest of data on the sequence of chemical reactions in the metabolic transformations undergone by proteins, fats, carbohydrates, and nucleic acids. Through his use of stable and radioactive isotopes, the biochemist has been brought into intimate contact with nuclear chemistry and with the physical instruments developed for work in this field.
The current emphasis on the dynamic aspects of biochemistry, and their relation to problems of biology, medicine, and agriculture, has perhaps tended to obscure the large gaps that still exist in our knowledge of the intimate structure of the most important chemical constituents of living matter, the proteins and the nucleic acids. It must be stressed. for example, that at the present writing no preparation of a nucleic acid has been described that can be considered to be composed of a single chemical species. Though much can be learned about the dynamics of the metabolism of proteins and nucleic acids with the structural data on hand, a more complete and useful understanding of these processes can come only when there has emerged a more detailed picture of the complex chemical constitution of these important groups of substances.
Perhaps the most significant attribute of modern biochemistry is the increasing documentation of the concept that, on the biochemical level, there is a striking unity among the manifold forms of living matter. A chemical process studied in a yeast culture may therefore illumine a comparable series of reactions in mammalian muscle; or the study of the respiratory pigments of invertebrates may provide basic data for the elucidation of a general mechanism of biological oxidation. Although there is much diversity in the chemical activities of different biological forms, it is becoming ever clearer that the fundamental biochemical reactions underlying cellular function exhibit a striking uniformity from the lowest to highest forms of life. The biochemistry of the present is, therefore, "general biochemistry." As a result, the modern biochemist must be catholic in his biological interests; he may wish to use as his biological material a microorganism, or a plant, or slices of rat kidney, if he is led to believe that one of these will best serve his purpose in the study of a biochemical process.
It is an obvious abstraction to refer to a "biochemist" who is, at once, an omniverous biologist, with practical experience ranging from botany to clinical medicine; a skilled chemist, with a command of organic chemical techniques and a working knowledge of physical chemistry; and an instrumentalist, with an understanding of the details of a variety of physical apparatus, from a mass spectrometer to an electrophoresis assembly. The ability to meet these varied needs of modern biochemistry must, of neces-sity, be divided among a large number of individuals, whose early training, in addition to a sound grounding in general biochemistry, has involved particular emphasis on some biological, or chemical, or physical aspect of this broad field. Their collective knowledge, if applied to the solution of particular biochemical problems, then may co-operate to attack these problems from several points of view, and with several experimental techniques, but with a single purpose. It is against the background of this scope of modern biochemistry that its institutional needs should be evaluated. Clearly, the development of programs of research and instruction in general biochemistry is the responsibility of the large universities. Within the framework of departmentalization that characterizes American universities, however, biochemistry is most frequently found as one of the "preclinical" disciplines in schools of medicine. The primary teaching function of such departments is in connection with professional education leading to the M.D. degree. In a similar way, biochemical departments are attached to schools of agriculture to give instruction to students in this area of applied biology. Many of the biochemistry departments in medical schools had to be established because of a geographical separation between the medical school and the science departments of its parent university. However, even where such physical separation is negligible, biochemistry still is largely found in the medical school, or in the school of agriculture, rather than among the science departments of the university. In view of the large demand for adequately trained biochemists, many of these biochemistry departments in the professional schools have assumed a dual function in offering instruction to graduate and undergraduate students in the Faculty of Arts and Sciences, as well as to students of medicine or agriculture.
It may be said, therefore, that although biochemistry has attained the status of an independent discipline, the number of American biochemistry departments which have as their main function training and research in general biochemistry is very small indeed. In a very few instances an attempt has been made to meet this need by the establishment of a division of biochemistry which is administratively part of a university chemistry department. Some universities offer biochemical instruction in their biology departments. There must be experts to understand and apply them; a task which will be impossible for those who must continue to concern themselves with the rapid growth on other sides of physiology and biology, as it will be for the equally preoccupied pure chemist. This is the philosophy that has animated the Biochemical Laboratory at Cambridge, and no one familiar with the recent history of biochemistry will fail to acknowledge the profound influence Hopkins and his group exercised on the development of this field not only in England, but the world over. In such an evaluation, those personal qualities which won him not only the admiration and respect, but also the affection of his students must find their place. It may well be that the spirit of the Hopkins laboratory was a unique phenomenon and did not arise solely from its organizational form. The fact remains, however, that until recently its example was not emulated in the development of biochemistry in those American universities whose scholarship is comparable to that of Cambridge.
However, the point of view advocated by Hopkins also found expression in the United States. In 1906, even can be offered; each educational institution has problems peculiar to it, and the course of action will vary. Some general reflections may be suggested, however, as a basis for further discussion. Clearly, the first step must be the recognition, on the part of the university administration, of the importance of biochemistry as an independent scientific discipline, quite apart from its practical applications in medicine or agriculture. Such recognition will, it is hoped, lead to the establishment of departments of general biochemistry or to the enlargement of existing university departments (e.g., now in the medical school) to permit an effective program of teaching and research in general biochemistry. The administrative difficulties that may arise when two departments operate in the same area of knowledge are obvious. For this reason it may be preferred to assign to a single university department of biochemistry the task of giving instruction to first-year medical students, as well as the larger responsibility for teaching and research in general biochemistry.
Whatever the organizational form of a biochemistry department may be, its vitality depends on a close articulation, not only on the administrative level, but perhaps more importantly, on the intellectual level, with men in all the science departments-chemistry, physics, botany, zoology, microbiology, pathology, physiology, etc.-whose interests meet on the common ground of biochemistry. The scope of biochemistry is too large today for all biochemical research at a major university to be confined to a single department. It is natural to find an organic chemist in a department of chemistry engaged in work on nucleic acids, or a zoologist who is exploring the chemical processes associated with morphogenesis, or a pathologist who is studying the biochemical aspects of renal disease. It appears important, however, that the university department of biochemistry serve as a center to bring together the varied biochemical interests of men in other departments. In some instances, it may be desirable to give such men joint appointments in biochemistry. This hybridization can only be a fruitful one, for it will strengthen the teaching and research activities of both departments involved.
In order for a department of general biochemistry to serve as a focus for university interest in this subject, it must have strength within itself, quite apart from what might be added through joint appointments. Of especial importance is that the research interests of the full-time members of the biochemical staff be of sufficient variety so that a significant area of biochemistry is within the scope of their collective experience. Among the lines of research that might be followed, these seem worthy of mention: (1) the metabolism of animals, plants, and microorganisms, as studied by various techniques, including isotopic methods; (2) the chemistry of proteins and nucleic acids; (3) enzyme chemistry; (4) microbiological chemistry; (5) chemistry and mode of action of the hormones; (6) metabolic function of vitamins. It is obvious that a single department may not embrace all of these facets of biochemical research. However, the broader the distribution of research interest, the greater will be the contribution of the department to the intellectual life of the university. In the last analysis, of course, the development of such a broad program depends largely on the caliber of the men and women on the staff of the department. Given adequate facilities and time for research, and the stimulus from discussion with their colleagues and students, good investigators may be expected to push their projects forward with energy and enthusiasm.
Though the material contributions of biochemical research have already been great and promise to be greater, the university biochemist is likely to find his greatest satisfactions in fundamental studies, which have as their ultimate goal the understanding of "the physical basis of life." Indeed, it would seem that nearly all of the significant practical applications of biochemistry, as of other branches of science, had their origin in the so-called "pure" research which flowers best in the intellectual freedom of a great university.
Breadth of research interest will inevitably find expression in the teaching program of the department, since the two are closely dependent on one another. In general, a university department of biochemistry will have to offer a basic one-year course for first-year graduate students and qualified undergraduates majoring in biochemistry. In addition, the department may be expected to offer special courses in elementary biochemistry designed for medical students or students of agriculture, whose scientific background is inadequate for admission to the graduate biochemistry course. At the advanced level, there will be lecture, seminar, tutorial, and laboratory courses, whose nature will be determined, in large part, by the research interests of the members of the departmental staff.
It has been said that the aim of a university should be to provide a center for the fusion of scholarly research, imaginative education, and technical training. An active department of biochemistry may be expected to reflect, to a high degree, this triunal role of the university. With generous and understanding support from the administrative officers of the institution and from individuals and agencies outside the university, such a department will develop, through trial and error, a distinctive program of research and instruction on a rapidly expanding frontier of knowledge important to human welfare.
